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(54) Vehicle occupant weight estimation apparatus 

(57) An improved weight estimation apparatus 
includes a closed elastomeric bladder filled with fluid 
and installed in the foam cushion of a vehicle seat bot- 
tom, with at least one pressure sensor installed in a 
closed exit port of the bladder. A temperature sensor 
disposed in proximity to the bladder provides a temper- 
ature signal, and a controller estimates the weight of the 
occupant based on the temperature and pressure sig- 
nals. The pressure sensor is preferably configured to 
sense the gage pressure - that is, the differential pres- 
sure between the fluid and atmospheric pressure - at 
the center of gravity of the fluid in order to provide a sta- 
ble output independent of changing atmospheric pres- 
sure and changing orientation of the bladder due to 
vehicle pitch and roll. 
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Description 

Technical Field 

[0001 ] This present invention relates to an apparatus s 
for estimating the weight of a vehicle occupant. 

Background of the Invention 

[0002] Vehicle occupant detection systems are useful 
in connection with air bags and other pyrotechnically 
deployed restraints as a means of judging whether, and 
how forcefully, to deploy the restraint. One fundamental 
parameter in this regard is the weight of the occupant, 
as weight may be used as a criteria to distinguish 
between an adult and an infant or small child. 
[0003] One prior weight estimation technique is to 
install an array of variable resistance pressure sensitive 
elements in the seat, and to sum the individual pres- 
sures to determine occupant weight A restraint system 
based on this technique is shown and described in the 
U.S. Patent No. 5,474,327, issued on December 12, 
1995. and assigned to the assignee of the present 
invention. In practice, however, such systems tend to be 
relatively costiy to implement, and require a significant 
amount of signal processing for proper calibration and 
weight estimation. 

[0004] Another possible technique is to instrument the 
seat frame with strain detectors, for example. However, 
this technique is also costly to implement, and cannot 
be readily applied to existing seat structures not 
designed for strain sensing. 

[0005] Accordingly, a simple weight estimation appa- 
ratus is desired. Ideally, the apparatus would be easy to 
install in existing seat designs, and would require a min- 
imum amount of processing to arrive at a weight estima- 
tion sufficiently accurate to enable occupant- 
appropriate restraint deployment decisions. 

Summary of the Invention 

[0006] The present invention is directed to an 
improved weight estimation apparatus satisfying the 
desired characteristics described above. Fundamen- 
tally, the apparatus comprises a closed, elastomeric 
bladder filled with fluid and installed in the foam cushion 
of a vehicle seat bottom, with at least one pressure sen- 
sor installed in a closed exit port of the bladder. A tem- 
perature sensor disposed in proximity to the bladder 
provides a temperature signal, and a controller esti- 
mates the weight of the occupant based on the temper- 
ature and pressure signals. An additional bladder and 
sensor may be installed in the foam cushion of the vehi- 
cle seat back, if desired. 

[0007] In a preferred embodiment, the pressure sen- 
sor is configured to sense the gage pressure - that is, 
the differentia] pressure between the fluid and atmos- 
pheric pressure - at the center of gravity of the fluid in 



order to provide a stable output independent of chang- 
ing atmospheric pressure and changing orientation of 
the bladder due to vehicle pitch and roll. Alternatively, 
the sensor may be configured to detect absolute pres- 
sure, and a second absolute pressure sensor respon- 
sive to atmospheric pressure may be used to 
compensate for changes in atmospheric pressure, and 
multiple sensors may be used to detect and compen- 
sate for the changing orientation. 
[0008] A vehicle occupant weight estimation appara- 
tus in accordance with the present invention is charac- 
terized by the features specified in Claim 1 . 

Brief Description of the Prawjpqs 

[0009] The present invention will now be described, by 
way of example, with reference to the accompanying 
drawings, in which :- 

Figure 1 is a system diagram illustrating a passen- 
ger seat of a vehicle equipped with fluid-filled blad- 
ders and a controller for estimating the weight of a 
seat occupant in accordance with this invention; 
Figure 2 is a cross-section view of a foam seat 
cushion and fluid-filled bladder according to this 
invention; 

Figures 3A-3C depict a bladder and pressure sen- 
sor configuration according to a preferred embodi- 
ment of this invention; 

Rgure 4 is a block diagram of the controller of Fig- 
ure 1 , in the context of an air bag deployment sys- 
tem; 

Rgure 5 is a graph depicting pressure sensor out- 
put voltage as a function of occupant weight, as 
used in the system of Figure 4; and 
Figure 6 is a flow chart representative of computer 
program instructions executed by the controller of 
Rgure 4. 

Description of the Preferred Embodiment 

[0010] Referring to the drawings, and particularly to 
Figure 1 , the reference numeral 1 0 generally designates 
a vehicle occupant weight estimation apparatus accord- 
ing to this invention. The vehicle seat 1 2 is supported on 
a frame 14, and includes foam cushions 16 and 18 on 
the seat bottom and back. A vacuum formed polymeric 
bladder 20 disposed in the foam cushion 16 substan- 
tially parallel with the central seating surface contains a 
fluid such as silicone which is non-corrosive, and not 
subject to freezing at extreme ambient temperatures. 
[0011] Referring to Figures 1 and 2, the bladder 20 
includes a fill tube or exit port 22 which is sealed about 
the inlet port 24 of a pressure sensor 26, which provides 
an electrical output signal on line 28 indicative of the 
fluid pressure in the bladder 20. A temperature sensor 
30 located in proximity to the bladder 20 provides an 
electrical output signal on line 32 indicative of the blad- 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 0 900 705 A2 



4 



der and foam temperature. The sensor 30 can be pro- 
vided as a separate sensor as indicated in Figure 1 , or 
may be integrated with the pressure sensor 26. 
[0012] The electrical pressure and temperature sig- 
nals on lines 28 and 32 are provided as inputs to a con- 
troller 50, which determines if the seat 12 is occupied 
and estimates the weight of the occupant based on the 
pressure and temperature signals, possibly in combina- 
tion with other inputs, such as an atmospheric pressure 
signal provided pressure sensor 52. An electrical output 
signal indicative of the weight estimation is provided on 
line 54, and may be used, for example, as a factor in 
determining whether and how forcefully to deploy air 
bags or other pyrotechnically deployed restraints in a 
crash event. 

[0013] The controller 50 may be mechanized with a 
suitably programmed microprocessor, as described 
below in reference to Figures 4-6. The fluid has a nomi- 
nal or unloaded pressure which provides a baseline 
measurement, and the pressure increases monotoni- 
cally with occupant weight applied to the cushion 16. 
The temperature measurement is used to compensate 
the weight measurement for corresponding changes in 
foam and bladder stiffness, to provide a weight meas- 
urement that is insensitive to temperature variations. 
[0014] Preferably, the pressure sensor 26 is config- 
ured to sense the differential or gage pressure of the 
fluid - that is, the pressure difference between atmos- 
pheric pressure and bladder fluid pressure - in order to 
provide a pressure measurement that is insensitive to 
atmospheric pressure variations due to changing 
weather patterns or altitude. In this case, the sensor 26 
includes a second inlet (not shown) open to atmos- 
pheric pressure. 

[0015] Alternately, the sensor 26 may provide an 
absolute pressure measurement of the bladder fluid, 
and the controller 50 may compensate the measure- 
ment for atmospheric pressure variations by reducing 
the fluid pressure measurement by the atmospheric 
pressure measurement provided by sensor 52. 
[001 6] As indicated in Figure 1 , a second bladder 34, 
pressure sensor 36 and temperature sensor 38 may be 
provided in the foam seat back cushion 18 to provide 
information regarding the weight or force exerted 
against the seat back 18 by the occupant. In many vehi- 
cles, however, it has been found that a seat bottom blad- 
der alone provides sufficient information to accurately 
estimate occupant weight 

[0017] In mechanizing the present invention, it was 
discovered that, depending on the placement of the exit 
port 22, the pressure sensed by sensor 26 experiences 
significant variability with changes in the orientation of 
the bladder. Specifically, the sensed pressure changes 
whenever the center of gravity of the bladder fluid 
changes relative to the location of the exit port 22. This 
can occur when there is fore-aft pitch due to uphill or 
downhill operation of the vehicle, or when there is roll. 
[0018] One solution to the above-described problem 



is to use multiple pressure sensors located in the front, 
rear and side of the bladder 20. In this case, the pres- 
sures sensed by the front and rear pressure sensors are 
averaged to compensate for pitch, and the pressure 
s sensed by the side sensor is used to compensate for 
roll. The exit ports in the case of multiple sensors should 
be equal in diameter and length to avoid imbalance in 
the various pressure drops. 

[001 9] A preferred approach to compensating for pitch 

10 and roll is to determine the location of the center of grav- 
ity of the fluid in a given application, and to sense the 
fluid pressure at the center of gravity. This can be done, 
as shown in Figures 3A-3C, by means of a tube 66 cou- 
pled to the sensor 26, with the bladder 20 sealed around 

is the tube 66 at a shoulder 67 thereof. The tube 66, 
depicted in detail in Figures 3B-3C, is configured with 
side ports 68, 70 to ensure open fluid communication 
between the bladder fluid and the sensor 26 at all times. 
Preferably, the length of tube 66 is minimized by placing 

20 the pressure sensor inlet 24 in close proximity to blad- 
der 20, as shown in Figures 3A and 3C. However, the 
sensor 26 may be located remote from the bladder if 
required by simply extending the tube 66; in this case, 
the tube 66 should have a relatively large diameter to 

25 minimize the resulting pressure drop. 

[0020] As also seen in Figure 3 A, the bladder 20 gen- 
erally conforms to the shape of the seat bottom 1 6. Var- 
ious openings and crimp areas 70 allow the bladder 20 
to conform to the shape of the seat cushion, while other 

30 crimp areas 72 are required to properly position the 
bladder in the vacuum form equipment The crimp areas 
70, 72 do not degrade the pressure measurement since 
the fluid can freely flow in and out of the various areas 
or cells of the bladder 20. In fact, the crimp areas can be 

35 advantageously used to reduce the overall volume, and 
thus the weight, of the bladder 20, provided that friction 
losses from fluid flow within the bladder 20 are mini- 
mized. 

[0021] Figure 4 depicts the occupant weight estima- 
40 tion apparatus of the present invention in the context of 
an air bag deployment system in which the controller 50 
provides an output signal on line 54 indicating whether 
deployment should be inhibited or allowed based on 
sensed occupant weight. Vehicle ignition voltage Vign, 
45 which may be + 1 2 VDC, is supplied to controller 50 via 
line 80, and an internal voltage regulator 82 provides a 
regulated system voltage of + 5 VDC on lines 84 and 86. 
The system and ground voltages are supplied to source 
voltage terminals of the pressure sensor 26, the temper- 
so ature sensor 30 (which may be a thermistor), and a 
microprocessor 88. The microprocessor 88 has four 
analog-to-digital input channels A/D 1-A/D 4 which 
receive the ignition voltage Vign, the system voltage of 
voltage regulator 82, the temperature sensor output 
55 voltage on line 32, and the pressure sensor output volt- 
age on line 28. 

[0022] Based on the above-described inputs, the 
microprocessor determines the occupant weight, and 
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based on predetermined criterion, whether air bag 
deployment should be inhibited or allowed. In the illus- 
trated control strategy, air bag deployment is to be inhib- 
ited for occupants below a predetermined weight, 
referred to herein as the threshold weight 
[0023] In general, once the occupant weight estima- 
tion system 10 is installed in a vehicle, the relationship 
between occupant weight and sensed pressure (com- 
pensated for system voltage variations) is empirically 
determined at a variety of temperatures. In a system as 
suggested in Figure 1, the data can be used to con- 
struct either a mathematical model or a multidimen- 
sional look-up table of occupant weight as a function of 
temperature and pressure sensor output voltage, with 
the model or table programmed into the microprocessor 
and used to determine and output the occupant weight 
on line 54. In the system of Figure 4, however, the out- 
put merely indicates whether the occupant is above or 
below the threshold weight, within the system tolerance 
constraints. In this case, the empirically determined 
data may be plotted as shown in Figure 5, and used to 
develop a pressure sensor threshold voltage for deter- 
mining whether deployment should be inhibited or 
allowed. For the data represented in Figure 5, for exam- 
ple, the lines designated as upper limit UL and lower 
limit LL bound the pressure sensor output voltage varia- 
bility for any given occupant weight Given a threshold 
weight, such as 47.7 kg (1 05 lb.) for example, the lower 
limit LL defines a threshold voltage which is the mini- 
mum voltage, approximately 1.82 volts, one would 
expect to see for an occupant weighing 47.7 kg (1 05 lb.) 
[0024] A simple control algorithm based on the above 
described threshold voltage is depicted in the flow dia- 
gram of Figure 6, where the block 90 designates a 
series of program instructions executed at the initiation 
of vehicle operation for initializing the various registers 
and variable values. In this case, the system output var- 
iable, STATUS, is initially set to a state which inhibits 
deployment. Thereafter, the block 92 is executed to 
repeatedly sample the pressure sensor output voltage 
for a predefined interval to obtain an average output 
voltage AVGOUT, and to compensate AVGOUT for the 
temperature sensed by temperature sensor 30. If the 
temperature compensated value of AVGOUT is less 
than the threshold voltage of 1 .82 volts, as determined 
at block 94, the block 96 is executed to set STATUS to a 
state which inhibits deployment. If the temperature com- 
pensated value of AVGOUT is greater than a hysteresis 
threshold voltage corresponding to, say 48.6 kg (107 
lb.), as determined at block 98, the block 100 is exe- 
cuted to set STATUS to a state which allows deploy- 
ment. If AVGOUT is between the two threshold 
voltages, the state of STATUS is maintained 
unchanged, as indicated by the blocks 102-106. 
[0025] It should be understood that the simple control 
described above is exemplary in nature, and could be 
modified to include adaptive updating of the thresholds, 
or to provide a more precise output as described above 



in reference to Figure 1, for example. 
Claims 

s 1 . Apparatus for estimating the weight of an occupant 
of a seat (12) in a motor vehicle, the seat (12) hav- 
ing a foam cushion bottom (16), the apparatus com- 
prising: 

10 a closed elastomeric bladder (20) disposed in 

the foam cushion bottom (16), the bladder (20) 
being substantially filled with fluid, and having a 
exit port (22); 

a pressure sensor (26) coupled to said exit port 
is (22) for sealing said exit port (22) and for sens- 

ing the pressure of said fluid; a temperature 
sensor (30) for sensing a temperature in prox- 
imity to said bladder (20); and 
control means (50) for estimating the weight of 
20 the occupant based on the sensed fluid pres- 

sure and the sensed temperature. 

2. The apparatus of Claim 1 , where the pressure sen- 
sor (26) is configured to sense a differential pres- 

25 sure between the pressure of the fluid and 
atmospheric pressure. 

3. The apparatus of Claim 1, wherein the pressure 
sensor (26) is configured to sense an absolute 

30 pressure of the fluid, and the control means (50) 
includes an absolute pressure sensor (52) for 
detecting the atmospheric pressure, the occupant 
weight being estimated based on a difference 
between the sensed fluid pressure and the sensed 

35 atmospheric pressure. 

4. The apparatus of Claim 1 , where the pressure sen- 
sor (26) is configured to sense the pressure of the 
fluid at a center of gravity of the fluid. 

40 

5. The apparatus of Claim 4, including a tube (66) 
having an inlet positioned at the center of gravity of 
the fluid and an outlet coupled to said pressure sen- 
sor (26), the bladder (20) being sealed around said 

45 tube (66) between said inlet and said outlet. 

6. The apparatus of Claim 1 , where the temperature 
sensor (30) is integrated with the pressure sensor 
(26). 

50 

7. The apparatus of Claim 1, wherein said control 
means (50) provides an input (54) to an air bag 
deployment system, said input indicating whether 
deployment should be inhibited or allowed based 

55 on the estimated weight of the occupant 

8. The apparatus of Claim 1, wherein said control 
means (50) provides a status signal to an air bag 
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deployment system, and includes means (88) for 
sampling an output of said pressure sensor (26), 
compensating said sampled output for temperature 
based on an output of said temperature sensor 
(30), and comparing said compensated pressure 5 
sensor output to a threshold signal corresponding 
to a threshold occupant weight; and means (88) for 
setting said status signal to a value for inhibiting air 
bag deployment when said comparison indicates 
that the estimated occupant weight is less than said 10 
threshold weight, and for setting said status signal 
to a value for allowing air bag deployment when 
said comparison indicates that the estimated occu- 
pant weight is greater than said threshold weight. 
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(54) Vehicle occupant weight estimation apparatus 

(57) An improved weight estimation apparatus 
includes a closed elastomeric bladder filled with fluid 
and installed in the foam cushion of a vehicle seat bot- 
tom, with at least one pressure sensor installed in a 
closed exit port of the bladder. A temperature sensor 
disposed in proximity to the bladder provides a temper- 
ature signal, and a controller estimates the weight of the 
occupant based on the temperature and pressure sig- 
nals. The pressure sensor is preferably configured to 
sense the gage pressure - that is, the differential pres- 
sure between the fluid and atmospheric pressure ~ at 
the center of gravity of the fluid in order to provide a sta- 
ble output independent of changing atmospheric pres- 
sure and changing orientation of the bladder due to 
vehicle pitch and roll. 
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